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SEDIMENTARY AND VOLCANIC ROCKS S E D I M E N T A R Y  R O C K S

Pleistocene

Middle Cambrian

Lower Cambrian

P L U T O N I C  R O C K S

METASEDIMENTARY ROCKS HAVING
MINOR METAVOLCANIC COMPONENT

METATUFFACEOUS,
CHEMICALLY PRECIPITATED,

AND GNEISSIC ROCKS 

METAVOLCANIC ROCKS OF
KNOWN CHEMICAL COMPOSITION

HYDROTHERMALLY ALTERED
METAVOLCANIC ROCKS

METAVOLCANIC ROCKS OF
APPROXIMATELY KNOWN
CHEMICAL COMPOSITION

1.68 Ga

Mostly volcanic
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LIST OF MAP UNITS

Artificial fill

Alluvium (Holocene)

Colluvium and sedimentary breccia (Holocene and Pleistocene)

Fanglomerate (Holocene and Pleistocene)

Terrace gravel (Holocene and Pleistocene)

Gravel (Holocene and Pleistocene)

Sediment (Holocene and Pleistocene)

Landslide deposits (Holocene to Pliocene)

Fanglomerate (Pleistocene and Pliocene)

Gravel (Pleistocene and Pliocene)

Sedimentary rocks (Pleistocene and Pliocene)

Verde Formation (Pliocene and Miocene)

Undivided sedimentary rocks

Lacustrine rocks

Limestone

Gravel

Travertine (Pliocene)

Evaporite beds (Miocene)

Fanglomerate (Pliocene)

Younger volcanic and sedimentary rocks (Pliocene and Miocene)

Alkali basalt

Basalt

Cinders and cinder cones

Andesite

Dacite

Basalt and sedimentary rocks

Sedimentary and volcanic rocks

Sedimentary rocks

Gravel

Older volcanic and sedimentary rocks (Miocene)

Alkali basalt

Basalt

Cinders and cinder cones

Andesite

Dacite

Rhyodacite

Tuff

Volcanic rocks

Basalt flows and interbedded sedimentary rocks

Sedimentary rocks

Volcanic and sedimentary rocks of undetermined age (Miocene? and Oligocene?)

Basalt (Miocene?)

Gabbro-diorite (Miocene?)

Basalt dikes (Pliocene and Miocene)—Queried where uncertain

Volcanic rocks (Miocene? and Oligocene?)

Sedimentary rocks and basalt (Miocene?)

Sedimentary and volcanic rocks (Miocene?)

Sedimentary rocks (Miocene? and Oligocene?)

Hickey Formation (Miocene)

Alkali basalt

Basalt

Cinder cones and basalt dikes

Trachyandesite

Tuff

Basalt and sedimentary rocks

Sedimentary rocks and basalt

Sedimentary rocks

Breccia (Miocene)

Rhyolite (Miocene)

Milk Creek Formation (Miocene)

Dacite

Lati-andesite

Sedimentary rocks

Lati-andesite of Sullivan Buttes and Santa Maria Mountains (Miocene? and Oligocene)

Upper unit

Lower unit

Undivided lati-andesite

Andesite

Dacite

Sedimentary rocks (Miocene and Oligocene)

CENOZOIC AND MESOZOIC INTRUSIVE ROCKS

Breccia pipes (Paleocene and Late Cretaceous)

Rhyolite dikes (Paleocene and Late Cretaceous)

Granodiorite and rhyodacite porphyry dikes (Paleocene and Late Cretaceous)

Tonalite (Late Cretaceous)

MESOZOIC SEDIMENTARY ROCKS

Moenkopi Formation (Middle? and Lower Triassic)

PALEOZOIC SEDIMENTARY ROCKS

Kaibab Limestone (Lower Permian)

Toroweap Formation (Lower Permian)

Kaibab Limestone and Toroweap Formation, undivided (Lower Permian)

Coconino Sandstone (Lower Permian)

Toroweap Formation and Coconino Sandstone (Lower Permian)

Schnebly Hill Formation (Lower Permian)

Hermit Formation (Lower Permian)

Schnebly Hill and Hermit Formations, undivided (Lower Permian)

Supai Formation (Lower Permian to Upper Mississippian (or Upper Pennsylvanian 
of Blakey))

Schnebly Hill, Hermit, and Supai Formations, undivided (Lower Permian and 
Upper Pennsylvanian)

Redwall Limestone (Mississippian)

Martin Formation (Upper and Middle? Devonian)

Redwall Limestone and Martin Formation, undivided (Mississippian through 
Middle? Devonian)

Martin Formation and Tapeats Sandstone, undivided (Upper Devonian through 
Lower Cambrian)

Bright Angel Shale (Middle Cambrian)

Tapeats Sandstone (Middle and Lower Cambrian)

Bright Angel Shale and Tapeats Sandstone, undivided (Middle and Lower Cambrian)

MIDDLE PROTEROZOIC INTRUSIVE ROCKS

Gabbro

Granite of Granite Basin

Granite of Walnut Creek

Breccia in granite of Walnut Creek

Granite of Kirkland Peak

Dells Granite

Granodiorite of Yava

MIDDLE(?) AND EARLY(?) PROTEROZOIC INTRUSIVE ROCKS

Granite

EARLY PROTEROZOIC INTRUSIVE ROCKS

Gabbroic rocks

Ultramafic rocks

Gabbro

Leucogabbro

Diorite

Tonalitic rocks

Cherry Tonalite

Granophyre of Cherry

Dikes of Cherry

Bland Tonalite

Government Canyon Tonalite

Tonalite of Cottonwood Mountain

Granodioritic rocks

Prescott Granodiorite

Peeples Valley Granodiorite

Granodiorite of the Verde River

Hassayampa Granodiorite

Minnehaha Granodiorite

Bishop Spring Granodiorite

Bishop Spring Granodiorite and rhyodacite

Williamson Valley Granodiorite

Dillon Field Granodiorite

Johnson Flat Granodiorite

Johnson Flat Granodiorite and gabbro migmatite, undivided

Badger Spring Granodiorite

Intrusive breccia

Granodiorite of Skull Valley

Granodiorite of Ramsgate

Mint Wash Granodiorite

Brady Butte Granodiorite

Humbug Creek Granodiorite

Granodiorite of Big Bug Creek

Granitic rocks

Granite of Wagoner

Granite of South Butte

Granite of Orejano Basin

Cornfield Mountain Granite

Gneissic granite

Crazy Basin Granite

Granite of Horse Mountain

Granite of Tucker Canyon

Granitic rocks, undivided

Alkali granitic rocks

Crooks Canyon Granite

Aplite of Crooks Canyon Granite

Aplite-pegmatite of Tonto Mountain—Dike dashed where approximately located

Alaskite of King Well

Granite of Bloody Basin

Leucogranite

EARLY PROTEROZOIC METASEDIMENTARY ROCKS

Mazatzal Peak Formation

Texas Gulch Formation

Rhyolitic meta-tuffaceous rocks

Purple slate

Quartzose metasedimentary rocks

Conglomerate

Pelitic metasedimentary rocks

Wacke

Other metasedimentary rocks

Wacke and pegmatite

Pelitic sedimentary rocks and aplite-pegmatite

Wacke and meta-andesite

EARLY PROTEROZOIC METAVOLCANIC ROCKS OF  
KNOWN CHEMICAL COMPOSITION

Basaltic flows

Basaltic tuff

Basaltic agglomerate

Andesitic basalt flows

Andesitic basalt breccia

Andesitic flows

Andesitic breccia

Andesitic intrusive rocks

Dacitic flows

Dacitic breccia

Dacitic tuff

Dacitic intrusive rocks

Rhyodacitic flows

Rhyolitic flows and pyroclastic rocks

Rhyolitic breccia

Rhyolitic tuff

Rhyolitic intrusive rocks

EARLY PROTEROZOIC HYDROTHERMALLY ALTERED METAVOLCANIC ROCKS  
RELATED TO VOLCANOGENIC MASSIVE SULFIDE DEPOSITS

Altered basaltic rocks

Altered andesitic rocks

Altered dacitic rocks

Altered dacitic breccia

Altered rhyolitic and pyroclastic rocks

Altered rhyolitic breccia

Altered rhyolitic tuff

Altered rocks

EARLY PROTEROZOIC METAVOLCANIC ROCKS OF  
APPROXIMATELY KNOWN CHEMICAL COMPOSITION

Mafic rocks

Amphibolite

Intermediate-composition rocks

Felsic rocks

EARLY PROTEROZOIC METATUFFACEOUS, CHEMICALLY  
PRECIPITATED, AND GNEISSIC ROCKS

Tuffaceous metasedimentary rocks

Iron-formation, metachert, and siliceous metavolcanic rocks

Gneiss

Migmatite

Contact—Dashed where approximately located; queried where uncertain

Fault—Dashed where approximately located; dotted where concealed by younger units; 
queried where uncertain.  Bar and ball on downthrown side where relative 
movement known

Landslide scarp—Double tic on downthrown block

Marker bed

Quartz vein—Queried where uncertain

Fracture—Dashed where approximately located

PHANEROZOIC AND PROTEROZOIC STRUCTURAL FEATURES

Folds—Showing trace of axial surface and plunge where known.  Dotted where 
concealed; queried where uncertain.  Phanerozoic folds shown in black; Proterozoic 
F1 structures shown in magenta; Proterozoic F2 structures shown in purple; 
Proterozoic F3 structures in cyan.  Note:  In this legend, black used for all folds 

Monocline—Both axes shown where possible

Top of flexure

Bottom of flexure

Anticline

Syncline

Overturned anticline

Overturned syncline 

PROTEROZOIC STRUCTURAL FEATURES

High-strain zone

Lineament—Determined from aerial photographs

PHANEROZOIC AND PROTEROZOIC PLANAR STRUCTURES

Strike and dip of beds

Inclined

Horizontal

Inclined, dip 45°–89°

Overturned

PROTEROZOIC PLANAR STRUCTURES

Strike and dip of tectonic S1 foliation—Spaced cleavage in crystalline rocks and low-
grade phyllosilicate-bearing foliation in tuffaceous and sedimentary protoliths.  
Common strike northwest in eastern part of map area.  Developed east of Shylock 
and Black Canyon high-strain zones, but also present northwest of Shylock high-
strain zone, west of Black Hills.  May have been developed in western part of map 
area during folding predating deposition of sedimentary protoliths (units Xp, Xw, 
and Xs), but has been strongly overprinted by S2 surface

Inclined

Vertical

Inclined, dip 45°–89°

Strike and dip of tectonic S2 foliation—Prograde metamorphic foliation containing 
mica- and amphibole-bearing minerals.  Well developed in western part of map area, 
west of Shylock and Black Canyon high-strain zones.  Developed in isolated areas in 
eastern part of map area, especially south of map area on east side of Shylock high-
strain zone.  Common strike to northeast in much of map area, but is north in 
northernmost part of area.  Common dip to northwest, except north of Brady Butte 
Granodiorite, where southeast-dipping foliation results in local refolding of F2 folds in 
Texas Gulch Formation.  Surface folded and deformed by F3 event, especially 
around northern part of Crazy Basin Granite

Inclined

Vertical

Inclined, dip 45°–89°

Strike and dip of tectonic S3 foliation—Retrograde metamorphic foliation containing 
phyllosilicate mineral assemblages.  Preferential development in tuffaceous and 
hydrothermally altered protoliths.  Well developed within high-strain zones.  
Common strike north in Shylock, Black Canyon, and Oro Flame high-strain zones, 
but northeast in Chaparral high-strain zone  

Inclined

Vertical

Strike and dip of tectonic S4 foliation—Destructive, poorly developed cleavage and 
phyllosilicate-bearing surface that deforms pre-existing surfaces.  Poorly developed in 
northwestern part of map area.  Common strike northeast

Inclined

Vertical

Inclined, dip 45°–89°

Strike and dip of igneous flow foliation

Inclined

Vertical

Inclined, dip 45°–89°

Strike and dip of joints

Inclined

Vertical

OTHER FEATURES

Volcanic center

Buried volcanic center—Determined from aeromagnetic lows

Buried ring dike—Approximately located where determined from circular pattern of 
connected aeromagnetic lows

Sinkhole—Subcircular structure due to dissolution of Redwall Limestone at depth.  
Names shown where known

Collapse structure—Irregularly shaped structure due to dissolution of evaporitic material 
in Verde Formation or subcircular structure formed during creation of travertine 
mound in Verde Formation

SAMPLE LOCALITIES

Radiometric date—Method, material analyzed, and age.  Details in table 1

Multiple samples

Single sample

Major- and minor-element geochemistry of unaltered rock—Analyses determined for 
this study and many published analyses in databases included with this map

Location accurate, single sample

Location accurate, multiple samples

Location approximate, single sample

Location approximate, multiple samples

Selected-element geochemistry of possible economic importance  

Location accurate, single sample

Location accurate, multiple samples

Location approximate, multiple samples

Selected water well—Black symbol shows Arizona Department of Water Resources 
registry number and simplified map units encountered; abbreviations of units as in 
Description of Map Units; depths in feet indicate top and bottom of units 
encountered.  Registry number and map units omitted for gray symbols.  See table 
2.  Data from Arizona Department of Water Resources CD-ROM, Spring 2007.  
Complete listing of all water wells in Excel file included with this map, but file 
contains only original information from driller, not interpretation of geology based 
on this study
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Travertine vent in Tertiary Verde Formation (map unit Tvt), Montezuma Well National Monument, Verde Valley.  
Vertical water-escape tubes and structures on right side of image define vent area.  Sediments deposited by 
the vent decrease in dip toward the geologist and flatten to horizontal on cliff in background on left side of 
image.  Photograph by Raymond Johnson, 2007.

Metamorphosed basaltic agglomerate (map unit Xb4) southeast of Blue Bell mine.  Lightest-colored clasts are 
rhyolite tuff.  Large light clast above hammer is dacite.  Green-gray clasts are andesite and basalt.  Brownish-
gray matrix is carbonate-rich andesite.  Darkest greenish-gray clast in upper left corner is basalt.  Hammer and 
pencil for scale.

Massive sulfide ore from the Iron King mine.  Dull yellow grains and fragments are pyrite.  
Large mudball clast is broken into smaller fragments below center near right margin of 
slab.  Minor chalcopyrite coats sides of pyrite grains but is difficult to see.  Fine-grained 
galena is present within dark-gray to black beds that consist of quartz and minor chlorite.  
Scanned image of polished slab from dump of mine.  Seventy-two percent of natural size.
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